Development agencies spend approximately US$400 million per year on landmine clearance.
Introduction
The Value of a Statistical Life (VSL) is a key input into cost-benefit evaluations of interventions that save lives. One such intervention that is at the intersection of environmental and development economics is the clearance of landmines and unexploded ordnance (UXO) from rural areas of developing countries. Global reported casualties from landmines and UXO are approximately 8000 per year but informed estimates are as high as 15,000-20,000, being highest in Iraq, Afghanistan and Cambodia. (ICBL, 2006) . 1 Since 1992, the global community has spent over US$2.5 billion on humanitarian mine clearance and other mine action (e.g. fencing off suspected minefields, and education programs), with annual spending peaking at approximately US$400 million in 2004 (ICBL, 2006 . In Cambodia, which is the setting for this paper, annual spending on humanitarian mine clearance since 2000 has been approximately US$25 million, with about 98% of this from donors.
Despite this large investment, many cost-benefit analyses (CBA) of landmine clearance conclude that it is socially inefficient. Harris (2000) estimates that expenditure to remove landmines from Cambodia would produce benefits -in the form of saved lives, reduced injuries and medical costs, and greater agricultural output -worth just 2% of the costs. 2 Elliot and Harris (2001) estimate benefits in Mozambique worth only 10% of costs. For Bosnia and Herzegovina, Mitchell (2004) concludes that demining cannot be justified on development grounds. More recent studies consider targeted clearance of areas needed for existing infrastructure and new development projects, since this is a better representation of how mine clearance agencies actually operate. In Cambodia, there appear to be positive benefit-cost ratios for targeted clearing of irrigation systems, water supplies, roads and bridges, school premises, health stations and historical sites, but costs still generally exceed benefits for the clearance of agricultural land (Gildestad, 2005) .
Inadequate data may have biased CBA evaluations of landmine clearance since most studies value injuries and premature death using the present value of lost earnings (or lost GDP).
3 This foregone earnings approach is no longer popular in developed countries because it greatly underestimates the value of life (Rosen, 1988) . Instead, researchers and policymakers routinely use VSL estimates calculated either from reports by survey respondents of how much they would be willing to pay for a small reduction in risk (or how much they would need to be paid to accept a small increase in risk) or from market based, 1
In addition to these casualties, landmines can hinder human capital development, with Merrouche (2006) estimating a 0.4 year (almost 10% of the mean) reduction in completed school years in Cambodia due to landmine contamination.
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As noted by Paterson (2001) , the study by Harris (2000) is flawed because it discounts the benefits of mine clearance but not the costs, even though the clearance program is spread over 25 years. While discounting costs substantially reduces the size of the negative NPV, the estimated benefits are still only 5% of costs.
revealed preference studies. 4 These VSL estimates are typically up to 200 times GDP per capita in developed countries (Miller, 2000) . There are too few estimates from developing countries to know whether the same ratio holds. The theoretical superiority of VSL measures is recognised in the landmine literature (e.g. Harris, 2000) but since few estimates exist for landmine affected countries imperfect foregone earnings methods are used. Perhaps as a result, saved lives and disabilities provide only a small part of the calculated benefit of landmine clearance, whereas the value of statistical life is easily the largest benefit of environmental, health and safety rules in developed countries (Shogren and Stamland, 2002) .
While CBA evaluations may have underestimated the value of lives saved, mine clearance agencies may overestimate these values. Most landmines are located in poor countries, but most landmine clearance is paid for by rich country donors and NGOs. Elliot and Harris (2001) suggest that donors may value the lives saved by clearing mines using standards from their own (rich) countries. Over-valuing saved lives could explain why landmine clearance standards are so strict, requiring 100% removal of mines and UXO (UNMAS, 2003) which is argued by some to put mine clearance programs into the suboptimal range where marginal cost exceeds marginal benefit (Keeley, 2006) .
Without reliable estimates of the VSL, any CBA evaluation of mine clearance is uncertain. One approach sometimes used in settings without VSL estimates is to base CBA calculations on VSLs transferred from elsewhere, using an assumed elasticity of the VSL with respect to income (e.g., Aunan et al, 2007) . But it is not clear that this approach can give reliable estimates since the VSL should also differ with levels of risk and awareness of the particular source of risk. For example, Gibson et al (2007) carry out a CBA of landmine clearance in Cambodia, using VSL estimates transferred from a survey in Northern Thailand. However, almost none of the respondents in the Thai survey had first-hand experience of landmines so it is not clear that their stated VSL would be the same as for rural villagers in Cambodia for whom landmines are a much more salient risk. Therefore the most reliable input into CBA evaluations of landmine clearance should be from VSL estimates that are generated in the affected areas rather than transferred from elsewhere.
The present paper represents an attempt to estimate the VSL using the contingentvaluation (CV) method in rural Cambodia. With over 46% of Cambodian villages still contaminated by landmines (CMAC 2002) , landmine removal is vital to economic progress in Cambodia's rural areas. Moreover, the number of civilian landmine victims has not fallen significantly over the last six years of demining activity, suggesting that direct removal efforts are slow relative to the total size of the problem. In fact, a reliance on painstaking manual clearance methods has seen only 171 km 2 cleared between 2000 and 2005, at a cost 4 The general approach is described in Ashenfelter (2006 To illustrate the implications of the VSL estimates for CBA studies of mine clearance, we reconsider the study by Gildestad (2005) of targeted mine clearance in Cambodia. The VSL we estimate is approximately US$350,000, while Gildestad assumes a present value of just $25,000 for foregone income and leisure, so this change has a major impact on the CBA calculations. In particular, use of our more plausible VSL measure increases the importance of human benefits relative to development benefits in assessing targeted clearance and is decisive in making judgements about the economic value of clearing agricultural land.
The outline of this paper is as follows. Section 2 reviews some previous estimates of value of lives saved in studies of the benefits of mine clearance. The methodology used in the survey to measure the VSL is described in Section 3. The results of the survey are reported in Section 4. In Section 5 the cost-benefit studies of Harris (2000) and Gildestad (2005) are reconsidered using our VSL estimates. Section 6 concludes the paper. Table 1 summarises the ways in which lives saved as the result of landmine clearance have been valued in several previous studies. These studies have treated the benefit resulting from the saving of lives as the present value of lifetime income (or GDP) foregone. However, income forgone (or net income after deducting an allowance for consumption) has long been recognised as inadequate as a basis for assessing the value of statistical lives saved (Rosen, 1988) . Using that method, no value is placed on life itself, the trauma of death, or the psychological effect of living in fear of premature death resulting from a particular risk. 6 Perhaps because of this, the value of lives saved represents only a small proportion of the estimated benefits in existing studies of mine clearance.
Previous Valuations of the Life Saving Benefits of Landmine Clearance
A large literature uses contingent valuation or revealed preference methods to estimate the VSL in developed countries for a wide variety of risks.
7 Miller (2000) uses 68 studies, 38 from outside the U.S., to study the relationship between the VSL and income. The VSLs are significantly higher than estimates based on the present value of lifetime income foregone. For developed countries as a whole suggested VSL estimates are between 137 and 195 times 5 However, since a lot of the suspect land is already under cultivation recent estimates suggest that the remaining contamination may only be 460 km 2 (ICBL, 2006) . But even with that smaller target, over a decade of clearance effort and several hundred million dollars is still required.
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For an excellent survey of early studies of the valuation of life and a critique of these studies see Jones-Lee (1976) . Harris (2000) , Harris (2002) and Eliot and Harris (2001) do not value the psychological costs associated with the risk of death. GDP per capita, or approximately 14 to 20 times larger than the present value of lifetime GDP per capita for a 40 year working life and 10% discount rate. The ratio of VSL measures to lifetime income may be even higher for developing economies. For example, in Thailand, VSL estimates for air pollution and traffic accident risk in Bangkok range from US$1.3-$1.5 million, giving a ratio to lifetime earnings of about 60:1 (Vassanadumrongdee and Matsuoka, 2005) . The ratio of the VSL to lifetime earnings in the landmines study by Gibson et al (2007) in rural Thailand is approximately 40:1. Even higher VSL estimates, of up to US$3.1 million, come from compensating wage differentials for fatalities in India's manufacturing sector, which give a ratio to lifetime earnings of over 400:1 (Shanmugam, 2001) . Hence, CBA evaluations of landmine clearance may have substantially understated the benefits by using lifetime income as a proxy for the VSL.
The Survey 3.1 Outline of the Approach
A contingent valuation survey was carried out by the authors in Kampong Speu and Siem Reap provinces of Cambodia in November 2004, with the assistance of the Red Cross and a team of local interviewers. This survey was a significant extension of the approach used in an earlier survey in rural Northeast Thailand (Gibson et al, 2007) . In contrast with that earlier work, the two provinces surveyed here have considerable landmine and UXO contamination. According to survey estimates from CMAC (2002), these two provinces rank 6th and 18th (of 24) in terms of landmine and UXO casualties in Cambodia, with causality rates of 3.3 and 0.3 per 10,000 of population (the national average is 1.7 per 10,000).
The survey used two series of questions to determine tradeoffs between alternatives. The first questions related to the tradeoff between the risk of death resulting from landmine accidents and income, i.e. a 'risk-money' tradeoff. To establish this tradeoff we asked respondents to state their preferences for two different areas in which their village might be located, differing in both the risk of death and cash income. Since the income that was adjusted was for the area with the higher risk of death, this can be considered a 'willingness to accept' format. 8 The second set of questions determined the tradeoff between the risk of injury from a landmine accident and the risk of death, i.e. a 'risk-risk' tradeoff. While tradeoffs between injury risk and money were not considered directly, they can be imputed from the other two sets of tradeoffs in the survey.
In determining risk-money tradeoffs the respondents were not directly asked about their willingness to pay for a reduction in risk, or the amount they required to accept an increase in risk. Hence we can avoid issues associated with who will or should pay, how payments will be made, and exactly what the payments are for. These would be important questions for the low income communities included in this survey, particularly since the majority of landmine clearance in Cambodia is conducted by local non-government organisations supported by international donor programs. The statement of alternatives also made clear the precise nature of the change in risk to be considered. This is important because it is likely that in communities with significant experience with landmine problems risk comparisons may be influenced by actual perceptions of landmine accident risk.
A large literature notes that VSL estimates based on CV methods are sensitive to the nature of the risks considered, the way the risks are presented, the size of the risk change, and many other factors (Beatty et al, 1998) . In low income rural communities these factors may be even more significant.
9 Therefore, to aid interpretation, the risks in this study were presented in terms of the frequency of occurrence of an event, e.g. a change in the risk of death from 2 per year in a commune of 10,000 to 4 per year. Also, several questions were 8
Our earlier research in Thailand compared this with a 'willingness to pay' format where the income that was revised was in the area with the lower risk of death. Differences between the two formats were statistically insignificant, so only the 'willingness to accept' format was used in Cambodia, since it appeared to be more informative. Also, the 'willingness to accept' format avoided presenting alternatives that look significantly worse than the respondents' current village, at least in terms of cash income, and therefore avoided potential confusion where respondents would prefer neither alternative.
9
For example, cost of living differences can be used to represent the money component of riskmoney tradeoffs (e.g. Viscusi et al, 1991) but these can be hard for low income rural villagers to understand since there is no housing market and subsistence agriculture provides a substantial used to aid and check the comprehension of respondents. Initially they were given show cards illustrating risks of 2 in 10,000 and 6 in 10,000 and were asked to choose the commune with the lower risk. They were then shown cards with risks of 2 in 10,000 and 2 in 20,000 and asked to choose the commune with the lower risk. If they failed either of these tasks the interpretation of the show cards was explained again. As a final check of comprehension they were asked to choose between areas in which one area was dominant, since it had both a higher cash income level and a lower probability of death. If a respondent failed to select the dominant area the nature of the risk and the selection task was explained again. The interview was terminated if the respondent failed on a second attempt.
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Respondents were also asked a set of questions designed to determine their awareness of landmine affected areas, and knowledge and association with those injured or killed by landmines. Familiarity with landmines and landmine accidents is likely to influence preferences, and thus the VSL estimates and risk-risk tradeoffs. Demographic variables and wealth indicators were also collected from each respondent and these allow comparison with a national survey with the same indicators, so that the results can be re-weighted to reflect all of rural Cambodia rather than just the two provinces where the survey was fielded.
Risk-Money Tradeoffs
The first set of questions was designed to determine for each respondent the difference in income that would make them indifferent between two areas (labelled Commune A and Commune B) given a specified difference in the risk of death from a landmine accident. This then enables the VSL to be calculated. Following Viscusi et al (1991) , assume that risk preferences can be represented by the utility function )
if death occurs from a land mine accident, where Y is total income. Let I a and I b be the cash income levels in Communes A and B and W the common value of income from other sources (in our case this would include income from subsistence sources). The probabilities of death are X a and X b respectively. Indifference between the two areas implies that
proportion of household income. Instead, in this survey cash income and the difference in cash income between areas were used to represent the money component of risk-money tradeoffs. 10 Overall, three respondents failed the dominance tests and their responses are excluded from the analysis.
Again following Viscusi et al (1991) , assume that the utility function is additively separable in health status and income, and the marginal utility of income is constant and equal to one for the range of income changes considered.
11 Therefore,
where
and ( To determine the income difference at which the respondent is indifferent between each commune for a given change in the risk of death, an initial alternative was presented and then adjusted given the area chosen.
14 Initial alternatives were selected after a pre-test in several villages in Kampong Speu province. Such pre-testing reduces the likelihood of starting point bias and minimises the number of iterations required to establish indifference. The initial alternatives used in the final survey were:
Commune A Commune B Cash Income of R1,460,000 per year Additional Cash Income of R200,000 per year Risk of Death per year of 2/10,000
Risk of Death per year of 4/10,000
If Commune B was selected as the preferred commune, the additional cash income in Commune B was revised down by R50,000 and the respondent was asked to reconsider the alternatives. This process was continued for up to four iterations until preference switched to Commune A or the additional cash income in Commune B reached zero. 15 Any switch in preference provides a range within which the income level that would make the respondent indifferent between the two communes should lie. The respondent was then asked what level of additional cash income in Commune B would make the two communes equally desirable. If this value was inconsistent with the range of incomes implied by the preference switch, then interviewers prompted the respondent for a suitable response. If the respondent still gave an inconsistent value, then this survey response was disregarded. This process provided an additional consistency check. If Commune A was selected given the initial alternatives, the additional cash income in Commune B was revised upward by R50,000 for up to four iterations until either Commune B was selected or the level of additional cash income reached R400,000. Again, the respondent was asked for the value of additional cash income in Commune B that would make the two communes equally desirable.
Risk-Risk Tradeoffs
A second set of questions was designed to determine the willingness of respondents to tradeoff increases in the risk of injury from a landmine accident for a decrease in the risk of death from a landmine accident. Landmine accidents cause a variety of injuries of different severity, including loss of legs, feet, arms, hands and sight. The loss of a leg, either above or below the knee, is the most common serious injury sustained. In this survey the respondents were asked to treat all injuries as involving a loss of a leg below the knee. Clearly, different injuries would generally be associated with different tradeoffs.
As for the risk-money tradeoffs, respondents were asked for their preference between two alternative communes. The questions sought to find the risk combination that would make the respondent indifferent between Commune A and B, assuming that all other aspects of the communes were identical. Following Viscusi et al (1991) , consider a state-dependent utility model where u(D) is the utility associated with death from a landmine accident, u(J) the utility of living with an injury, and u(H) the utility associated with full health.
16 Let X a and Y a be the annual probabilities of death and injury in Commune A and X b and Y b be the corresponding probabilities in Commune B. Given indifference between communes,
where the tradeoff between injury and death is defined as The procedure used to determine the risk-risk alternatives that made the respondent indifferent between communes was similar to the procedure used for risk-money tradeoffs. The initial alternatives were:
Commune A Commune B Risk of Injury per year of 20/10,000
Risk of Injury per year of 12/10,000 Risk of Death per year of 2/10,000
If Commune A was chosen the number of injuries per 10,000 people in Commune B was revised down by two. The process was repeated until preference switched or there were zero injuries. 17 The respondent was then asked what number of injuries per 10,000 people would make the two communes equally desirable. As with risk-money tradeoffs, this question provided a consistency check. If, given the initial alternatives, Commune B was chosen, the number of injuries per 10,000 people in Commune B was revised up by two and the process repeated until preference switched or the number of injuries reached twenty per 10,000.
Implicit Value of Statistical Injury
Using the estimates obtained for the value of statistical life, L, and the injury risk-death risk tradeoff, the implicit value of a statistical injury can be calculated. From equations (2) and (5) it follows that ),
Application of the Survey and Sample Characteristics
An experienced team of Cambodian interviewers were recruited locally and trained in the survey methodology. Using local interviewers ensured that interpretations and language in the survey were consistent with those in use in the survey area. The villages in the survey were selected from the national Cambodian Socio-Economic Survey (CSES) sample so that we could compare key variables from the surveys and re-weight the VSL sample to obtain nationally representative estimates. Seven villages were selected from Kampong Speu province, and ten villages from Siem Reap province. Of these villages, two from Kampong Speu were used in pre-testing and did not form part of the final sample. Participation in the survey was voluntary, but the refusal rate was zero. Dropping any respondents who failed any of the dominance or consistency checks left a sample of 440 responses.
A wealth index was calculated from survey responses about the ownership of durable goods and dwelling attributes. The calculation of the index follows the principal components method of Filmer and Pritchett (2001) , who show that this index gives a similar ranking to that from more detailed household expenditure data and can be used when such data are unavailable. Figure 1 shows the distribution of the wealth index from the VSL survey and from the rural component of the national CSES, in the form of smoothed densities. It is apparent that respondents in the VSL survey have somewhat higher wealth so un-weighted statistics calculated from the VSL survey may not be representative of rural Cambodia. Instead we derive a set of weights from a semi-parametric procedure designed to counterfactually shift the density for the VSL survey to mimic the density for the CSES. Details of this weighting procedure are in Appendix 1. All statistics from the VSL survey are reported below both with and without these weights being applied. The main impact of the weights is to reduce the value of the calculated VSL, which is consistent with the fact that the rural households in the national survey have somewhat lower wealth than those in the VSL survey. Table 2 provides a summary of the sample characteristics and consistency checks for responses from the survey, and compares these with the earlier Thai study (Gibson et al, 2007) . Most respondents in Cambodia had significant personal knowledge of the effects of landmines and the location of landmine-affected areas. Over half of respondents had experience caring for someone injured by a mine, compared with none in Thailand. Only three of the survey respondents failed the consistency checks, with all failures occurring in dealing with risk-money tradeoffs. 17 To reduce the number or iterations the last step involved a decrease of 4 injuries per 10,000 people.
Results

Risk-Money Tradeoffs and the VSL Estimates
To simplify comparisons with other studies all VSL estimates are converted to $US using the exchange rate prevailing during the survey. 18 The survey responses suggest that the mean VSL is approximately US$446,000 when unweighted and $423,000 when weighted to be representative of all rural Cambodia (Table 3 ). The 95% confidence interval around the weighted mean is $353,097-$491,620. The medians are lower for both the unweighted and weighted estimates, at $422,000 and $357,000.
How does this estimate compare with the foregone income approach that has been used previously in CBA evaluations of landmine clearance in Cambodia? The average income per capita in Cambodia as a whole in 2001 was approximately $270. Given the high share of the population in rural areas, the rural mean will be similar to this overall estimate.
19 Thus, for a 40 year working life and a discount rate of 10% the present value of forgone lifetime income would equal $2,640, giving a ratio of the weighted median VSL to the present value of lifetime earnings is around 135:1. Consequently, the use of these two different types of estimates is likely to make a big difference to CBA evaluations of landmine clearance (see Section 5 below).
There is a positive skew in the distribution of VSL estimates, which is indicated by the means being above the medians. This is confirmed in Figure 2 which uses smoothed densities to show the underlying distribution of both the unweighted and the weighted responses. 20 In light of this skewness the median will better measure central tendency than the mean. Hence we use the weighted median of $357,087 as the best point estimate of the VSL for rural Cambodia when the risk considered is death from landmines or UXO. The weighted median for Cambodia is approximately $50,000 higher than the median VSL estimated from an earlier study of landmines in rural Thailand (Gibson et al, 2007) . 21 This may seem surprising when it is considered that rural Cambodia has lower per capita income than rural Thailand. To see how much of this difference can be explained by differences between the two samples in characteristics such as personal experience of landmines a regression decomposition is conducted. Decomposition methods differ according to the parameter vector used to weight the difference in average characteristics, ), (
with the approach used here being the most general, of applying parameter vector β * from a regression on both samples pooled (Neumark, 1988) . The mean (or equivalently, median) gap can then be expressed as:
The last term in equation (8) reflects the part of the gap in VSL estimates explained by differences in average characteristics. The first two terms reflect unexplained differences due to unequal coefficient vectors estimated on the Cambodia sample, β c and the Thai sample, β T .
The regression estimates reported in Table 4 suggest that the VSL declines with the age of the respondent, does not vary with their gender or education, and is lower for those from large households and without children. The wealth indicator used in the regression is relative to the mean in each country, so as to not capture differences in average income levels, since the purpose of the regressions is to see how much of the gap is due to factors other than income differences. This variable suggests that the relatively wealthy have a higher VSL especially if land ownership is also considered a wealth indicator (significant in the Thai sample but not in Cambodia). Risk factors and experience also affect the reported VSL, with higher VSLs for those who know landmine victims and those who rely primarily on firewood (which has to be collected from the forest, where many landmine accidents occur), and lower VSLs for those who have lived in an affected village.
When the regression coefficients in Table 4 are combined with the mean values of the characteristics in Table 2 , it is possible to use equation (8) to assign part of the difference in VSL estimates between Thailand and Cambodia to differences in characteristics. The estimates at the bottom of Table 4 suggest that just under one-half of the higher VSL reported from the Cambodia sample is due to characteristics other than income. The main contributing factors are higher risk due to greater reliance on firewood in Cambodia, the greater knowledge of landmine victims, greater knowledge of and residence in affected villages, and differences in household size between the two samples. Table 5 reports summary statistics for the tradeoffs between the risk of injury from a landmine accident and the risk of death. As noted above, injury here refers to an accident resulting in the amputation of a leg below the knee. According to the indifference estimates provided by the survey respondents, the median tradeoff is 5.0 injuries per death while the (weighted) mean tradeoff is 5.5 injuries per death. These are comparable to the earlier study from Thailand where the median was 6.0 and the mean 5.1 (Gibson et al, 2007) .
Injury Risk-Death Risk Tradeoffs
The implied value of a statistical injury is obtained by combining the injury-death tradeoffs with the VSL estimates, using equation (7). The median value of a statistical injury is $71,417 and the (weighted) mean is $108,723. This median value of statistical injury and the median VSL of $357,087 are the key inputs into a cost benefit analysis of landmine clearance in Cambodia, which is reported in the next section.
VSL Estimates and Cost-Benefit Studies of Mine Clearing
The significance of the landmine/UXO problem in Cambodia has made it an important case in research on the benefits and costs of mine clearance. This research has been controversial. While Harris (2000) suggests that the benefits of clearance are only 2% of the costs, Gildestad (2005) finds overall benefits of a targeted demining programme 38% higher than costs. Here we replicate the work of Harris and Gildestad using the VSL and injury-death trade-off estimates obtained in this paper. This clearly shows the importance VSL estimates both in assessing mine clearance and setting priorities for demining programmes.
Harris (2000) estimates costs and benefits of removing mines from 500,000 hectares of contaminated arable land, with demining taking place over a period of 25 years. 22 An assumed demining cost of $7,000 per hectare gives a total cost of $3,500m. Although actual expenditure is assumed to be undertaken over the 25 years, the $3,500m is not discounted. Three major benefits of demining are considered. Benefits resulting from saved lives are valued at the average income earned for the years of productive life remaining, with reduced injuries and resulting disabilities valued at half the income of a healthy individual. Cost savings from reduced medical costs include both the initial medical costs saved, and the reduced on-going costs of artificial limbs for amputees. Gains in agricultural output are measured by the value-added from previously unused or under-utilized land.
The benefits of the first year of demining are shown in Table 6 . Over time these benefits compound as more demining takes place. Using a discount rate of 10% Harris finds a net present value of -$3,434m on an investment of $3,500m. Paterson (2001) criticises Harris for the failure to discount costs while discounting benefits. If the costs are discounted the net present value would be -$1,329m , i.e. benefits would be 4.9% rather than 1.9% of costs.
Harris does not use a VSL in valuing the benefits from saved lives and injuries. The implied value of a life saved in the analysis in Harris is $1,338. In introducing VSL estimates into the analysis undertaken by Harris it is assumed that the full value of a life or injury saved is included as a benefit in the year the accident occurs. Table 7 compares the results from Harris with equivalent calculations based on a VSL of $357,087 and an injury-death trade-off of 5. Keeping the other assumptions used by Harris, benefits now represent 51% of costs, and the benefits of lives and injuries saved 96.6% of total benefits. If, following Paterson, costs are discounted a positive net present value of $399m would result, with the present value of benefits exceeding the present value of costs by 29%.
As emphasised by Paterson, landmine programmes involve targeted clearance not the clearance of large 'average' areas as assumed by Harris. Mine fields with high expected benefits relative to costs will tend to be demined first. By treating all areas demined as the same, the approach taken by Harris may seriously underestimate the benefits of targeted clearance. Gildestad (2005) estimates the costs and benefits resulting from the clearance of one km 2 of high priority contaminated land for a variety of uses across the principal mine affected provinces in Cambodia. Two demining cost figures are used based on the costs of existing mine clearance programmes, $0.70 m 2 and $0.90 m 2 . Benefits from clearance include human benefits, the value of casualties and medical costs saved, development benefits, revenue from new production or tourism and travel costs saved.
To estimate human benefits Gildestad assumed casualties decline in proportion to the area of land cleared, down to 10% of the current rates. 23 Reduced casualties are assumed to occur in each year of the 20 year time horizon used for the study. The value of casualties is based on the productive value of victims assuming a present adult income of $1,000, with an additional amount of $1,000 for the value of leisure. Adult productive income is assumed to grow at 3.5% per annum for 10 years and 2.5% thereafter. Adults work for 35 years and children are treated as having 5 unproductive years followed by 40 years of work. For fatalities full productive value is lost, for amputees it is assumed that 70% of productive value is lost, while for other injuries 40% of productive value is lost.
Methods of estimating development benefits depend on land use. For agricultural land and irrigation systems they are based on the additional value of farm revenues. For roads and bridges, wells and water supplies, schools and health stations, estimates are based on reductions in travel costs while for historical and cultural sites additional tourist revenue is calculated. All future benefits are discounted at a rate of 10%. Costs are assumed to be incurred in the current period.
As in the work of Harris, the method used by Gildestad to value the human benefits of mine clearing does not explicitly include a VSL estimate. 24 To show the impact of VSL estimates we follow the approach used above and assume that the full value of a life saved is included as a benefit in the year the life is saved. The VSL is assumed to be $357,087.
Gildestad distinguishes between adults and children in calculating the human benefits of clearance. In his model an adult life saved in the first year would have a present value of approximately $25,000 compared with a value of $21,000 for a child's life saved. In applying our VSL estimates we have ignored possible differences between adult and child VSL measures. VSLs can also be expected to change over time as real incomes increase. Miller (2002) suggests income elasticities in the range of 0.85-1.0, while Viscusi and Aldy (2003) report elasticities of 0.5-0.6. We apply the growth assumptions used by Gildestad and an income elasticity of 0.5 to revise the VSL estimates for lives saved in the future. 25 The median injury risk-death risk tradeoff of 5.0 is used to estimate of the value of reductions in amputations. Following Gildestad, we assume that value of reductions in other injuries is 57% of the value of an amputation saved. For other types of land use considered by Gildestad the value of productive benefits are much larger, dominating cost-benefit calculations. The inclusion of VSL measures acts to increase the importance of human benefits and the magnitude of the net benefit-cost ratio. Table 9 compares Gildestad's results for land use types with those obtained based on our VLS estimates. The VSL estimated in this paper suggests that targeted clearance for all land use types is economic, and in the case of the net benefits of clearing irrigation systems is over six times cost. 24 Although Gildestad does not use a VSL measure, his estimates are based on a current annual income per victim of $1,000 compared with household income in Cambodia estimated to be between $300 and $700. His estimates include an additional $1,000 for leisure. Although arbitrary, these assumptions do make human benefits closer to those expected from a VSL estimate. In comparison Harris (2000) assumes a productive income per victim of $134 per year. 25 Results are substantially the same if the VSL does not change with growth or with an income elasticity of 1.0. An indication of the impact of different income elasticities is provided in the footnotes to the tables below. 26 The benefits obtained are likely to underestimate the benefits from clearing agricultural land. As noted by Paterson (2001) the clearance of highly productive land would normally be targeted first.
Conclusion
Reliable estimates of the value of the tradeoff between risk reduction and income generation are necessary to evaluate many interventions that save lives. In the context of developing countries, the desirability of demining in particular locations and the extent of mine clearance that is optimal depends crucially on the Value of Statistical Life. Using a survey in two provinces in Cambodia we estimated the VSL at approximately US$357,000. This estimate is an order of magnitude higher than previous proxies for the VSL, such as the present value of lost income, that have been used in the literature on landmine clearance.
The importance of VSL estimates in judging the desirability of landmine clearance programmes has been demonstrated by reworking two important studies of the economics of mine clearance in Cambodia. Harris (2000) estimates that landmine clearance of general land in Cambodia would generate benefits worth just 2% of costs. We show that if our estimated VSL is used benefits would be 51% of costs. Further, if as suggested by Paterson (2001) costs as well as benefits are discounted, benefits would exceed costs by 29%. We also apply our estimates to the study of targeted mine clearance by Gildestad (2005) . Whereas Gildestad shows that mine clearance of agricultural land is generally uneconomic, our work shows that in all but two provinces benefits exceed costs when our estimated VSL is used and the targeted clearance of all land types is economic. Since landmines and other risks are widespread in rural areas of developing countries, surveys that provide more plausible estimates of VSLs in a wide range of settings should make a growing contribution to the literature in both development and environmental economics.
To aggregate the information on dwelling facilities and assets into a single index, the first principal component was used, following Filmer and Pritchett (2001) who show that in settings where household expenditure data is unavailable this principal component produces a similar ranking in explaining wealth-dependent outcomes. The components of the wealth index are listed in Appendix Table 1 , along with the weights in the index. The mean value of each of the indicator variables is displayed for the bottom (poorest) and top (richest) quintiles obtained from the wealth index, as are the means from the two surveys. It is apparent that the wealthier quintiles score more highly for characteristics with a positive scoring factor (e.g. floor area, ownership of a TV) while the poorer households score more highly for characteristics with a negative score (e.g. having a thatched roof on their dwelling). There are also several differences between the means for the two surveys in terms of dwelling facilities and ownership of durables such as a TV or motor scooter and these are assumed to reflect wealth differences between the two samples. A set of weights that can adjust results for the wealth differences between the two samples (and also reweight the VSL summary statistics to reflect conditions in overall rural Cambodia, at least as captured by the national-level CSES) are calculated by adapting a procedure developed by DiNardo, Fortin and Lemieux (1996) . This procedure reweights the overall distribution rather than just the mean and notes that the observed density of the wealth index for an observation from the VSL survey (CSES=0) with characteristics x is:
Appendix
The counterfactual density if observations from the VSL survey were given the characteristics of the national-level CSES can is:
which is based on a reweighting factor, ψ(x):
The first part of this reweighting factor is just the ratio of number of observations from the VSL survey to number of observations from the CSES survey in the pooled database. To calculate the second part of this reweighting factor, which is the ratio of two conditional probabilities, a logit regression is estimated, with survey type (CSES or VSL) as the dependent variable and explanatory variables from the components of the wealth index. The results for this regression are reported in Appendix The reweighting factor, ψ(x) is used to calculate weighted summary statistics from the VSL survey which should reflect the distribution of the household wealth index in the national level CSES survey rather than the distribution in the more localised VSL survey. 
